Iron toxicity is major constraint of rice production in irrigated-lowland. The Improvement of tolerant rice cultivar to iron toxicity requires the information of some genetics parameters related to selected characters. This study was aimed to estimate gene action and heritability of the grain yield and its component under iron-toxic stress and control field conditions in rice. The iron-toxic tolerant rice cultivars, Pokkali and Mahsuri were crossed with the sensitive cultivar, Inpara5 to develop six generation populations. The breeding materials were grown in the iron toxicity site and control in Taman Bogo, Lampung Indonesia in the wet season from December 2013 to March 2014. The sensitive parent and BC1P1 had lower stress tolerance index (STI) compared to the tolerant parent F1, F2 and BC1P2. The grain yield and its component were fitted to the best model in five parameters which were more prominent with interactive epistasis of duplicate and complementary gene action. The heritability's under control were more higher compared to iron toxicity stress condition. Delaying selection to later generations and combining with the shuttle breeding between stressed and controlled environments were the best strategy for improving the grain yield and tolerance to iron toxicity in rice.
INTRODUCTION
Rice is an important crop for Indonesian because it is not only just a staple food but also a strategic commodity that has a significant role on the economic, political and social-life. Indonesian government needs to insure the self-sufficient of rice by increasing rice production, which more than 51.7% of rice production is produced in Java Island (Statistics Indonesia, 2015) . The remaining areas of Indonesian paddy field are located outside Java, which they are predominantly as an old-weathered soil or Ultisols soil (Prasetyo & Suriadikarta, 2006) and tidal swampy-land (Muhrizal, Shamshuddin, Fauziah, & Husni, 2006) . One of the characteristic of these soils is abundant of iron-oxide in mineral soil formation. During flooded conditions where most of rice is cultivated, this soil mineral can be changed into ferrous ion (Fe 2+ ). This formation is more soluble and ready to be uptaken by plant and resulting a toxic condition to rice plant when it is excessive. The Fe 2+ concentrations in the soil solution that can affect lowland-rice yields are ranging from 10 to >5000 mg L -1 (Becker & Asch, 2005) . However, it is generally considered that a soil solution concentration of 300 mg water-soluble Fe L -1 can be a critical limit for appearing of iron toxicity symptom in low-land rice (Fageria, Santos, Barbosa Filho, & Guimarães, 2008) .
Typical symptom iron toxicity in rice is called a leaf bronzing, a reddish spots discoloration starting from the tips spreading to the basal part, resulted stunted plant height, low tiller number, and poorly developed root system (Dobermann & Fairhurst, 2000) . In acute case eventually causes the damaging of plant and contributes to a 12-100% yield loss (Audebert & Sahrawat, 2000) . Rice-based affected areas to iron toxicity can be found at most of rice production country in humid-tropic region as much as 7 million ha (Becker & Asch, 2005) .
Meanwhile, in Indonesia there is no recent data about the total area of low-land rice affected to iron toxicity, but Ismunadji (1990) roughly estimated about 1 million ha, which predominantly consisted with acidic soil and tidal swampy land. Since it is quit huge areas, it is greatly important to increase rice production of these areas to meet the growing demand of rice in Indonesia.
The best way to minimize the iron toxicity effect in rice is using tolerant cultivar (Stein, Lopes, & Fett, 2014) . Most of the modern semidwarf high yielding rice cultivars were sensitive to iron toxicity (Wade, Fukai, Samson, Ali, & Mazid, 1999) , whereas the tolerant varieties were mostly identified as a land race and wide species (Onaga, Egdane, Edema, & Abdelbagi, 2013) . Introducing the iron toxicity tolerant traits into modern cultivars is very important to develop simultaneously a high yield and tolerant to iron toxicity cultivars.
In the breeder point of view, the estimation of genetics parameters such as, heritability, gene action and correlation among characters' are very important in order to formulate the most advantageous breeding procedures. The genetic studies on iron toxicity both using classical and molecular approach in rice were reported referring to complex inheritance and govern by many genes (Dufey, Hakizimana, Draye, Lutts, & Bertin, 2009; Dufey et al., 2015; Shimizu, 2009; Wan, Zhai, Wan, & Ikehashi, 2003; Wu et al., 2014) . Those genetics studies mostly were conducted only under one site environment in the controlled greenhouse or the iron-toxic stress conditions in the field, but they never compared to the controlled environments.
The generation mean analysis has been the most powerful to estimate genetics parameter, since it gives additional information about the epitasis interactions (Kearsey & Pooni, 1996) . Various genetic analysis using generation mean analysis by comparing between the stress and control conditions have been reported in many crops and different stresses such as, salinity stress in chick pea (Samineni et al., 2011) , down mildew resistant in muskmelon (Shashikumar, Pitchaimuthu, & Rawal, 2010) , anthracnose stalk resistant rot in maize (Matiello et al., 2012) and drought tolerance in wheat (Said, 2014) . However, there are no reports on genetic study of iron toxicity tolerance in rice by comparing two or more environments. Considering that in some regions, the iron toxic soils are not easily accessible for conducting field screening, in Indonesia e.g. Sumatera, Kalimantan and Papua where it is far from research center. It is, therefore, very important for comparing the genetic parameters from the generation mean analysis under various environments. The result from this genetics study would lead the breeder to answer the question should the selection be done under the stressed condition or in-house experimental farm or under control condition.
This study was extrapolated the inheritance of some agronomy and the grain yield traits under natural field condition with high iron concentration and control sites. The populations of crosses Pokkali, an iron-tolerant variety with robust development of seedling type (Engel, Asch, & Becker, 2012) and excluder-tolerant type (Wu et al., 2014) and Mahsuri, an iron toxicity tolerant varieties well known in Indonesia (Suhartini & Makarim, 2009 ) were used to in generation mean analysis (Mather & Jinks, 1982) . The information of this current study would improve the understanding of inheritance of iron toxicity tolerance in rice as well as facilitate planning possible breeding programs. In this study gene action, heritability, and correlation among related traits were measured.
MATERIALS AND METHODS

Plant Materials and Experimental Site
The rice variety Pokkali and Mahsuri were used as tolerant parents to iron toxicity, while Inpara5 as sensitive parent. The varieties were crossed in a resulting of populations each composed of six generations per cross the parents (P1, P2), F1, F2 and two backcrosses of the F1 to the parents (BCP1, BCP2). Pokkali is rice variety introduced from India and it has been reported tolerant to iron toxicity (Engel, Asch, & Becker, 2012; Wu et al., 2014) and tolerant to salinity as well (Gregorio et al., 2002) . Mahsuri is commonly used as tolerant check variety for iron toxicity screening in the field, originally from Malaysia (Suhartini & Makarim, 2009; Utami & Hanarida, 2014) , and the sensitive parent, Inpara5, is semi-dwarf plant type that had been designed as the NILs of IR64 that inserting a submergence tolerance gene, SUB1 (Septiningsih et al., 2015) .
The experiment was done in experimental station of Indonesian Soil Research Institute Taman Bogo, Lampung Indonesia in the wet season from December, 2013 to March, 2014. The experiment site has Af climate-type (Köppen-Geiger classification), average temperature is 26.9 o C, and annual rainfall is 2,143 mm. Two plots were used for iron toxicity site and control site. The iron toxicity site has been identified as a natural Fe toxicity when it is flooded. Variations in soil iron content between the two plots were expected due to position difference in the toposequence. Four soil samples from the field (each a composite of at least three sub-samples) are showed in Table 1 .
Experimental Design and Cultural Practices
Common agronomic practices for rice growing, including plowing, harrowing, and flooding was done both in the experimental site. . The observed parameters were measured to 20 of F1, 100 of BC1P1, and BC1P2 and 250 of F2 population.
Data Recording, Measurement and Analysis
Each plant in all population was tagged and given a number to make sure that the measurement of all observed characters was indicated to the same plant. The leaf bronzing score (LBS) was scored non-destructively at 6 weeks after transplanting for leaf bronzing using the SES developed by IRRI (IRRI, 1996) . Plant height was determined by measuring the height from base of the shoot to the highest tip of panicle. The grain per plant was hand-threshed of all panicles. The filled grains were separated and counted to weights for determining 100-grain weight. The grain yields then were adjusted to a moisture concentration of 14% of fresh weight. The grain numbers were defined by divided the grain yield per plant with its respective 100-grain weight per 100.
A joint-scale test was performed using chisquare goodness of fit with three degrees of freedom as described by (Cavalli, 1952) . When the three-parameters individual-scaling model did not show conformity of additive dominance (i.e. with values different from zero), a six-parameter scaling model was performed as: [l] . A significant level (P ≤ 0.05) was used to compare all components. The three-and six-parameter models were developed as described by Mather & Jinks (1982) . Broad-sense heritability was estimated using the method described by Fehr (1987) The method used to estimate narrowsense heritability was adapted from (Fehr, 1987) as:
Where:
Correlation between related traits was performed using simple Pearson correlation.
The statistical analyses were done using SAS/STAT® version 9.1. (SAS Institute, 2004) . The SAS listing program for the scaling test of three and six parameters and heritability analysis were developed by Gusti N. Adi-wibawa (Supplemental data 2).
RESULTS AND DISCUSSION
The Means and Stress Tolerant Index among Generations
In the field, iron toxicity symptom did not immediately affect the growth of rice plants upon transplanting. The plants showed the leaf-bronzing symptom at the 4-week stage in the field and affected the growth and grain yield compared to normal condition. This observation indicated that the appearances of leaf bronzing depends on the present of ferrous iron as a result from microorganism reducing activity in the soil (Weber, Achenbach, & Coates, 2006) and accumulation of ferrous in the active tissue of the rice plant as a result of iron uptake and transpirations (Pereira et al., 2013) .
The means and standard errors for parents, F1, F2 and backcross generations under iron toxicity and control condition are presented in Table 2 . Both parents showed contrasting performance under different environment except for, tiller number in Cross 1 and 100-grain weight in Cross 2 both in control condition. The F1 of both crosses had mean value between the superior and lower parents in all environments, except for grain yield, which presented the heterobeltiosis in this generation. The mean value of F2 were also between the parents but lower than that of the F1 in all experiment and crosses. In general, mean of BC to superior parent were greater than the mean of BC to the lower parent and F1 in all the crosses and environments. The transgressive segregations from the mean value were observed in the population of F2, BC1P1 and BC2P2, indicating a contrasting used parent in the crosses.
The cross population of Inpara5 x Pokkali had high STI index in most of characters in all generation compared to cross population of Inpara5 x Mahsuri, except for number of grain. The highest STI in both of crosses (Table 2) was revealed in the 100-grain weight indicating that this characters less effected by iron toxicity conditions ranging from (0.91-1.00). Both of tolerant parents, Mahsuri and Pokkali displayed more adaptability to stress condition by performing higher STI compared to sensitive parent, Inpara5 in all characters. Meanwhile, the STI of F1 generation were between the two contrasting parents indicating the presence of mid-parent heterotic in all characters. Iron toxic stress condition showed more affected in most observed characters at the BC1P1 as well as its sensitive parent and vice-versa for the BC1P2 generation.
Gene Action
A simple model additive-dominance was observed only for characters of plant height of the cross 2, 100-grain weight of the cross 1 under iron toxicity (Table 3 ) and plant height of both crosses and 100-grain weight of Cross 1 under control condition ( Kearsey & Pooni (1996) proposed the association or dispersion of genes in the parents based on signs of dominance [h] and interactive gene effects of dominance x dominance [l] . In this present study, the signs of [h] in most of traits were negative both in Fe toxicity and control which suggested that a large influence of the recessive parent. Such dispersion with more recessive genes compared to dominant genes has been observed in three from six crosses of spring wheat under manganese toxicity condition (Moroni, Briggs, Blenis, & Taylor, 2013) .
For the other characters presented of interactive effect of [i], [j] and [l] resulting an epistasis gene of duplicate and complementary (Table 3 and Table 4 ). The type of epistasis depending on the cross, environment and sometime resulting interaction between both of them (Cao et al., 2001 ). This gene action complexity indicated that improvement of the characters studied would be moderately difficulty as compared to the situation pertaining had an additive-dominance model (best from a breeders point of view) provided the best fit. This situation is even more complicated when dominance effects are more important than additive effects, as was the case rice, a self-pollinated crop in this experiment.
This report also similar to previous report that most of grain yield and its component had epistasis gene effect in their inheritance (Li et al., 2001; Xing et al., 2002) . Therefore, heterosis breeding is not suitable in the case of epistasis but it would be possible to isolate segregants as good as that of F1 in the next generations. The selection between families and lines for the characters with relatively high epistatic to positive direction are more reliance to get desirable progenies. Table 5 . Most of characters in the two crosses had similar for board-sense heritability under iron toxicity and control condition ranging from 0.68 to 0.87. The Cross 1 showed slightly higher of h 2 bs compared to Cross 2, except for the grain yield. For the narrow-sense heritability under iron toxicity condition was lower (3% to 23%) compared to control condition indicating the environment influenced on the genetic variance of the parents and their offspring. Lower heritability under stresses condition was also reported in most of characters in soy bean in acidic soil (Kuswantoro, Basuki, & Arsyad, 2011) and wheat in drought condition (Said, 2014) . This phenomenon indicted that the variation of stressed site was larger compared to the control condition. Iron concentration in the soil solution can be vary in same topo-sequence because of difference of soil profile, other nutrient availability, and reduced microbial activity (Becker & Asch, 2005) .
The difference of soil conditions of the two plots, probably contributed to lower value of estimated of broad-sense heritability and narrowsense heritability in the iron-stress condition compared to normal condition. Meanwhile, the narrow-sense heritability had lower compared to broad sense heritability in both conditions. This was caused by lower proportion of heritable variance (additive variance) compared to total genetics variance, which could be explained also by a complex gene action in the in heritance of most of characters. The broad-sense heritability measures the proportion of genetics variance to total phenotypic variance, while narrow-sense heritability measures the proportion additive variance (heritable variance) to total genetic variance (Fehr, 1987) .
This research also described the relationship of stress index and heritability, where the less affected to stress in particular characters the higher the estimates of heritability. An example was found in 100-grain weight of the Cross 1, which the STI was near to 1 and the h 2 bs 84%. This relation also related to its gene action, which simple additivedominant model was fit for explaining the mode of inheritance (Table 3 and Table 4 ). The grain weight is related to consumer preference involving dimension and shape of the grain. Since the inheritance relatively simple to get desirable grain weight the selection can be done whether under control or iron toxic condition. The simple gene effect and high heritability in grain weight was also reported in genetic study in rice for blast resistant (Divya et al., 2014) and salinity tolerance (Mohammadi, Mendioro, Diaz, Gregorio, & Singh, 2014) .
Correlation among Characters of F2 Population
Relationship of leaf bronzing Score (LBS), plant height, tiller number, 100-grain weight were estimated in the F2 population under iron toxicity stress and control. Variation of LBS was only found under toxicity condition. We included this character in correlation analysis but not in the previous genetics parameters analysis because it does not meet requirement the control distribution data. LBS was highly negative correlated grain yield, 100-grain weight, plant height in Cross 2, while the Cross 1 only in the grain yield. The grain yield was correlated positively in all characters in the Cross2 except for grain number, while in the Cross 1 was correlated only with the plant height and grain number under toxicity condition (Table 6) . Meanwhile under control condition, the positive correlation of grain yield was found only in the Cross 1 with plant height and tiller number. A significant positive correlation of plant height with 100-grain weight was found in Cross 1 both under iron toxicity (r=0.55**) and control (r=0.52**) condition, while for the Cross 2 was found in different direction (iron toxicity =-0.44**, control=-0.17). The grain number of Cross 1 correlated negatively with 100-grain weight both under iron toxicity and control condition.
Implication for Selection Iron Toxicity Tolerant in Rice
Improvement grain yield in iron toxicity affected area needs effective and efficient breeding methods. In this study revealed that the estimated heritability indicated under control conditions had greatest genetics improvement compared to iron-stress condition. Meanwhile, under both stress and control sites showed that the Cross 1 had the greatest chance of genetic improvement in all characters observed under iron-toxic condition, while the Cross 2 had the greatest chance under control condition. This result suggested that successful of breeding program could be under the influence of environment, stressing the importance of the appropriate selection breeding site, wheater it was under stress or control conditions.
The parents that were used in this study had some characteristics not only related to Fe toxicity tolerance but also the other important traits, for example Pokkali was reported tolerance to salinity (Gregorio et al., 2002) , Mahsuri is a Malaysian traditional variety that reported small with high-density grain (Suhartini & Makarim 2009 ). Meanwhile, the sensitive parent, Inpara5 is semi-dwarf plant type that inserting a submergence tolerance gene, SUB1 (Septiningsih et al., 2015) . The aim of this cross is to combine those important traits as well as iron toxicity tolerant into the agronomical farmer accepted plant type like Inpara5. Hence, based on those characteristic of the parents, combining Fe toxicity tolerance with other important traits can be done concurrently, resulting a multi-tolerance stress rice variety.
This genetic study revealed a complex gene action involving epistasis duplicate decreaser and low heritability, indicating that the selection should be postponed in later generation to allow favorable gene are fixed (Fehr, 1987; Kearsey & Ponni, 1996) . On the other hand, this result also showed that the lesser environment for selection affected to stress (control condition) the higher the heritability estimated. Hence, an alternating selection cycles between normal conditions for grain yield and agronomy performance following stressed condition for tolerance to iron toxicity or other stresses is the best way for development multi-tolerance stress variety. Alternative approach can be proposed by recurrent selection, which also has been reported success in drought tolerance in wheat (Reynolds, Trethowan, van Ginkel, & Rajaram, 2001) , drought tolerance in Maize (Said, 2014) . In the case of iron toxicity lowland rice affected area mostly also followed by other biotic or abiotic stresses (e.g. others nutrient deficiency, salinity, submergence, brown plant-hopper, rice blast etc.). It is important, therefore the favorable environments are most suitable for fixing some favor gene for good agronomy performance, yield components and grain yield. Thus, this selection can be done in normal condition. Meanwhile, under iron toxic-location or other stressed location can be done for selection of the tolerantstress progenies.
This study also reported some characters that related to degree of tolerance under iron toxicity condition. The scoring method using visualization of leaf bronzing has been developed by IRRI using standard evaluation system for rice (IRRI, 1996) to score the degree of tolerance and used in the breeding program. It has been reported that under field condition each visual symptom score increase was associated with a yield loss of approximately 400 kg ha −1 (Audebert & Fofana, 2009 ). Thus, it was considered that leaf bronzing score (LBS) as a relevant trait for the screening of tolerance to Fe toxic conditions as described significant correlation between LBS and grain yield in this study (Table 6 ). However, the genetics analysis needs quantitative data that could not fulfilled by LBS. Hence, the other characters that might had relationship with the tolerance is needed. It was found that tiller number, number grains for the Cross 1, while for the Cross 2, plant height, tiller number, 100-grain weight could be used as a selection criteria for both of grain yield and LBS in the two crosses under iron toxicity condition.
The linked DNA markers selection can be used to select the rare recombinants and combined the favorable alleles. However, some QTLs studies for Fe toxicity tolerance have been reported low association with phenotypical traits, indicating that challenges to localize the marker with several hundred genes involved making difficult for application in breeding program (Dufey et al., 2015) . The present data, apart from being a starting point for further investigation of the genetic control of tolerance to iron toxicity in rice, could be useful for the development of an effective breeding program that might develop tolerant varieties. This research also supports the breeder in the screening of rice to iron toxicity in the field before genetic dissection of QTLs on iron toxicity tolerance could be applied in the development of markerassisted selection breeding.
CONCLUSION
The experiment of genetics study for some agronomy characters and grain yield under iron toxicity condition and control condition identified tolerant parents, Mahsuri and Pokkali displaying high value of STI compared to sensitive parent, Inpara5 in all characters. The mid-parent heterotics in F1 STI were also found in all characters. The STI of F2 generation was between the two parents; while the STI value of the back crosses generation (BC1P1 and BC1P2) followed the direction of their recurrent parent.
The grain yield and others agronomical characters were not fitted to simple model of additive-dominance, indicating the presence of allelic interaction. Further analysis revealed that the five parameter models with epistasis duplicate and complementary gene action were fitted to explain the gene action model. The direction of most characters toward decreasers with high interactive of dominant x dominant. The estimates heritability's under control condition were higher compared to iron toxicity condition. Meanwhile, under both sites show that the Cross 1 had the greatest chance of genetic improvement in all characters observed under iron toxicity condition, while the Cross 2 had the greatest chance under normal condition. This result suggests that the successful of breeding program is influenced by the appropriate selection of the parents and selection environment. Delaying the selection to later generations by maintaining larger populations combined with the shuttle breeding selection in normal condition for accepted-agronomical traits could be proposed as the best breeding strategy for improving yield and tolerance to iron toxicity.
